The solar chromosphere and transition region (TR) form an interface between the Sun's surface and its hot outer atmosphere. There, most of the nonthermal energy that powers the solar atmosphere is transformed into heat, although the detailed mechanism remains elusive. High-resolution (0.33-arc second) observations with NASA's Interface Region Imaging Spectrograph reveal a chromosphere and TR that are replete with twist or torsional motions on subarc second scales, occurring in active regions, quiet Sun regions, and coronal holes alike. We coordinated observations with the Swedish 1-meter Solar Telescope (SST) to quantify these twisting motions and their association with rapid heating to at least TR temperatures. This view of the interface region provides insight into what heats the low solar atmosphere. As the interface between the Sun's photosphere and corona, the chromosphere and transition region play a key role in the formation and acceleration of the solar wind. Observations from the Interface Region Imaging Spectrograph reveal the prevalence of intermittent small-scale jets with speeds of 80 to 250 kilometers per second from the narrow bright network lanes of this interface region. These jets have lifetimes of 20 to 80 seconds and widths of ≤300 kilometers. They originate from small-scale bright regions, often preceded by footpoint brightenings and accompanied by transverse waves with amplitudes of ~20 kilometers per second. Many jets reach temperatures of at least ~10 5 kelvin and constitute an important element of the transition region structures. They are likely an intermittent but persistent source of mass and energy for the solar wind. The physical processes causing energy exchange between the Sun's hot corona and its cool lower atmosphere remain poorly understood. The chromosphere and transition region (TR) form an interface region between the surface and the corona that is highly sensitive to the coronal heating mechanism. High-resolution Published by AAAS
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observations with the Interface Region Imaging Spectrograph reveal rapid variability (~20 to 60 seconds) of intensity and velocity on small spatial scales (≲500 kilometers) at the footpoints of hot and dynamic coronal loops. The observations are consistent with numerical simulations of heating by beams of nonthermal electrons, which are generated in small impulsive (≲30 seconds) heating events called "coronal nanoflares." The accelerated electrons deposit a sizable fraction of their energy (≲10 25 erg) in the chromosphere and TR. Our analysis provides tight constraints on the properties of such electron beams and new diagnostics for their presence in the nonflaring corona.
The solar atmosphere was traditionally represented with a simple onedimensional model. Over the past few decades, this paradigm shifted for the chromosphere and corona that constitute the outer atmosphere, which is now considered a dynamic structured envelope. Recent observations by the Interface Region Imaging Spectrograph (IRIS) reveal that it is difficult to determine what is up and down, even in the cool 6000-kelvin photosphere just above the solar surface: This region hosts pockets of hot plasma transiently heated to almost 100,000 kelvin. The energy to heat and accelerate the plasma requires a considerable fraction of the energy from flares, the largest solar disruptions. These IRIS observations not only confirm that the photosphere is more complex than conventionally thought, but also provide insight into the energy conversion in the process of magnetic reconnection.
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The unresolved fine structure resolved: IRIS observations of the solar transition region The heating of the outer solar atmospheric layers, i.e., the transition region and corona, to high temperatures is a long-standing problem in solar (and stellar) physics. Solutions have been hampered by an incomplete understanding of the magnetically controlled structure of these regions. The high spatial-and temporal-resolution observations with the Interface Region Imaging Spectrograph (IRIS) at the solar limb reveal a plethora of short, low-lying loops or loop segments at transition-region temperatures that vary rapidly, on the time scale of minutes. We argue that the existence of these loops solves a long-standing observational mystery. At the same time, based on comparison with numerical models, this detection sheds light on a critical piece of the coronal heating puzzle.
SOLAR PHYSICS
Prevalence of small-scale jets from the networks of the solar transition region and chromosphere
As the interface between the Sun's photosphere and corona, the chromosphere and transition region play a key role in the formation and acceleration of the solar wind. Observations from the Interface Region Imaging Spectrograph reveal the prevalence of intermittent small-scale jets with speeds of 80 to 250 kilometers per second from the narrow bright network lanes of this interface region. These jets have lifetimes of 20 to 80 seconds and widths of ≤300 kilometers. They originate from small-scale bright regions, often preceded by footpoint brightenings and accompanied by transverse waves with amplitudes of~20 kilometers per second. Many jets reach temperatures of at least~10 5 kelvin and constitute an important element of the transition region structures. They are likely an intermittent but persistent source of mass and energy for the solar wind.
T he Sun continuously emits ionized particles into interplanetary space in the form of the solar wind. A challenging investigation has now carried on for almost 50 years to understand where the solar wind originates and how it is accelerated (1, 2). Dark regions in coronal images indicate the coronal holes that are the commonly accepted large-scale source regions of the high-speed solar wind. However, identifying precise origin sites within coronal holes requires high-resolution observations of the chromosphere and transition region (TR), a complex interface between the relatively cool photosphere (~6 × 10 3 K) and hot corona (~10 6 K). The mass and energy that ultimately feed the solar wind must pass through this region.
The dominant emission features in this interface region are the network structures that appear as narrow bright lanes enclosing dark cells, with sizes of~20,000 km in radiance images of emission lines (3). The network lanes (networks thereafter) are believed to be locations of strong magnetic fluxes originating from the boundaries of convection cells with similar sizes in the photosphere. Previous observations of coronal holes with the Solar Ultraviolet Measurements of Emitted Radiation (SUMER) instrument (4) , which may provide heated mass to the solar wind (8) . of chromospheric upflows being heated to TR temperatures at the solar limb in a coronal hole (9) . Using observations from the Interface Region Imaging Spectrograph (IRIS) (10), we report results from direct imaging on the solar disk of high-speed upflows with apparent speeds of 80 to 250 km s −1
. Thanks to the high resolution (~250 km) in new wavelength windows, IRIS slitjaw imaging observations with the 1400, 1330, and 2796 Å filters [see the supplementary materials (SM)] unambiguously reveal the prevalence of small-scale jetlike emission features from the bright networks (figs. S1 to S3 and movies S1 and S2). These three filters sample emission from the Si IV, C II, and Mg II ions, which are formed at temperatures of~10 5 K,~3 × 10 4 K, and~10 4 K, respectively. These network jets usually show fast upward motion with no obvious downward component. Although these jets are more easily seen in coronal holes located near the solar limb (movies S1 to S5), they are clearly detected at any location on the solar disk outside active regions (movie S6).
These network jets are best seen in 1330 Å images. The jet widths are usually around~300 km and approach the instrument resolution limit, suggesting that the actual widths of many jets may be even smaller. By applying the space-time technique (SM) to the 1330 Å image sequence obtained on 23 January 2014 (table S1 and movie S2), we have quantified the apparent speeds and lifetimes for 63 randomly selected jets (Fig. 1) . The speeds fall mostly in the range of 80 to 250 km s −1 , which is much larger than the sound speed and close to the Alfvén speed in the chromosphere (11) and TR. These velocities are significantly larger than previously reported jet velocities in the chromosphere and TR (12) (13) (14) (15) (16) . Some jets also show signatures of acceleration. Their lifetimes range mainly from 20 to 80 s. Most jets extend to lengths of 4 to 10 Mm (1 Mm = 10 6 m), although some clearly reach~15 Mm.
Many network jets also exhibit obvious motions transverse to their propagation direction, indicating that they carry transverse magnetohydrodynamic waves known as Alfvén waves (11, 17) . The wave magnitudes are difficult to measure from slit-jaw images, because strong emission from other features complicates the quantification of the transverse displacement, and the jet lifetimes are usually too short to allow the detection of a full wave cycle. Instead, we use spectroscopic observations to estimate the approximate velocity amplitudes of Alfvén waves. The root-meansquare value of the fluctuating Doppler shift of the Si IV 1393.77 Å line is~5 km s , which can be regarded as the resolved wave amplitude (SM and fig. S5 ).
Many of these network jets are likely the on-disk counterparts and TR manifestation of type II spicules (SM), which are jetlike features moving upward with speeds of 50 to 110 km s −1 in the chromosphere above the solar limb (15, 16) . Our direct imaging of flows along these jets on the solar disk is almost unaffected by line-ofsight superposition, thus providing further support for the debated existence of high-speed jetlike features (16, 18) . IRIS observations also reveal their origin in the networks, which offlimb observations cannot determine. Yet we notice that network jet velocities are generally twice those of type II spicules, suggesting that the network jets sampled by the TR passbands are those being heated and accelerated in the upper chromosphere and TR (19) and/or that the apparent speeds we observe here are not all caused by mass flows. Additional absorbing components at the blue wings of some chromospheric absorption lines were previously claimed to be on-disk counterparts of type II spicules (13) . These features with speeds of 20 to 50 km s −1 are probably the lower-temperature parts and/or less-accelerated phase of the network jets. Many network jets tend to recur at roughly the same locations on time scales of~2 to 15 min. Our on-disk observations show that these jets originate from localized bright regions in the networks ( Fig. 2 and movie S4 ). Sometimes we see obvious brightening at the footpoints of these jets. A few jets appear to reveal the characteristic inverted Y-shape morphology (Fig. 2B ) that is associated with a bipolar magnetic field line reconnecting with a unipolar large-scale field (12) . These characteristics, together with the high speeds, suggest that some of these intermittent jets may result from repeated magnetic reconnection (20) between small magnetic loops and the background open flux in the networks. It is also possible that the source regions of these jets are too small to be resolved by IRIS, or that other mechanisms (SM) such as flux emergence and the associated Lorentz force are responsible for the acceleration of the jets (21) .
Spectroscopic observations from IRIS reveal that many jets reach temperatures of at least 10 5 K, the formation temperature of the Si IV 1393.77 Å line under ionization equilibrium. The most prominent signature of network jets in Si IV line profiles is a significant increase of the line broadening, which could be a consequence of field-aligned flows (22) or unresolved transverse motions such as Alfvén waves (23) and twists (24) . Combined imaging and spectral observations of IRIS can help evaluate the contribution from field-aligned flows and transverse motions.
Greatly enhanced widths of the Si IV line are found around two locations of network jets (Fig. 3) . The slit crosses the lower part of a recurring jet complex at location 1. There the obvious enhancement of the line profile at the blue wing ( Fig. 3D and SM) indicates an association with the network jets visible in the slit-jaw images (movie S5). Thus, the enhanced line broadening here is largely caused by the superposition of the field-aligned flows (jets) on the network background.
Location 2 corresponds to the upper part of some swaying network jets (movie S5). Given the nearly symmetric line profile and that this region is close to the limb, these jets are likely propagating largely in the plane perpendicular to the line of sight. So the line broadening appears to be largely caused by unresolved Alfvén waves, or small-scale twists that are often associated with unresolved torsional Alfvén waves (25 attribute the nonthermal width (SM and fig. S5 ) to these unresolved waves, the wave amplitude is estimated to be~21 km s −1 . Intensity and linewidth maps of Si IV (Fig. 4) reveal details of the TR structures. One prominent feature of these maps is the presence of filamentary or elongated structures. Comparing these maps with the slit-jaw images (movie S6) reveals an association of many such features with network jets. Depending on viewing angles, enhanced line widths in these filamentary structures could be caused by either the superposition of jet emission on the network background, or unresolved transverse motions, or both. This association reveals that network jets constitute an important element of TR structures (SM).
These jets are likely to be an intermittent but continual source of mass and energy for the solar wind. We find a total mass loss rate of (2.8 to 36.4) × 10 12 g s −1 for these jets if we assume that all jet plasma contributes to the solar wind (SM). This value is about 2 to 24 times larger than the total mass loss rate of the solar wind, yet we have to remember that it is difficult to determine the true contribution to the solar wind without sufficiently sensitive coronal observations. With a wave amplitude of~20 km s −1 , the energy flux of Alfvén waves carried by the jets should be 4 to 24 kW m −2 (SM). This is much larger than that required to drive the solar wind (~700 W m
), yet we do not know how much of this energy is dissipated.
The prevalence of these network jets may challenge current solar wind models. Most timesteady descriptions of the solar wind (1, 26) rely on mass flux driven by evaporation from the upper TR, induced by a combination of downward heat conduction from the corona and local radiative losses (27) . Although successfully predicting the coronal heating and wind properties at Earth, these models usually produce steady flows of only a few kilometers per second in the chromosphere and TR. Such steady low-speed outflows have never been imaged.
In contrast, our IRIS observations reveal the presence of intermittent high-speed upflows from the networks. If the mass in these jets actually is lost in the solar wind, then models must be updated to account for this highly intermittent component. A proposed reconnection-driven solar wind model (6) may be consistent with our observations. This scenario, which involves reconnection between open field lines in the network and surrounding low-lying loops, has been simulated numerically (28) . However, the maximum outflow velocities produced by this model are onlỹ 30 km s , and it is unclear whether the entire mass and energy flux of the wind can be produced in this way (29) . If these jets are not the nascent solar wind, at least their interaction with the wind should be considered in solar wind models, because they are the most prominent TR features in the networks where the wind is believed to originate. One recent model does include some upward and downward motions of the TR plasma (30) . However, these motions have speeds of~60 km s −1 at most, and the jets we observe show much faster upward motions. Obviously, a successful solar wind model must carefully evaluate the mass and energy contributions from these network jets.
